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INITIAL TEST OF THE MULTI REED VALVE

COMBUSTION CHAMBER

1, The object of this test was to obtain dats from which the general

performance characteristics of the Lycoming Multi Reed Valve Combustion

Chamber could be evaluatad.

SUMMARY

2. The subject combustion chamber was the second Lycoming design

made to operate on the intermittent jet or "constant volume® cycle.

This chamber differed from the first design (See Lycoming Engineering

Report No. 1056) .in that the inlet valves were of the automatic type,

opened by ram pressure and closed by combustion pressures.

3. Operation of this unit was steadier than that of the Rotary

Sleeve Valve Chamber, but cvclic combustion irregularities existed to

such a degree that the task of obtaining reproducible data was a difficult

one. Satisfactory operation was obtained at higher speeds (500 to

1200 cpm) and fuel flow range was increased at the higher speeds, but,

at the conditions used during this test, ram pressure was limited to

25 psig. by failure to start firing at higher pressures. The decrease

in airflow as fuel flow was increased at conatant speed and "ram pressure

was much greater than was the case in the Rotary Sleeve Valve Chamber.

4. Exhaust gas analysis was attempted during the latter part of

the test.

Correlation of three methods of combustion chamber pressure

measurement was attempted. Neither attempt was completely successful

during the firing runs, but mean chamber pressure measurements were

an
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successfully checked by using a steadily cycling air-operated test

fixture in place of the chamber in which the cyclic pressures were .

quite irregular,

5. The test work covered by this report was done during the period
from August 20, 1946 to Fehruary 7, 1947. Chamber operating time dur-
ing this period totaled 67 hours 40 minutes. This time does not include
calibrations or non-firing alrflow tests.

CONCLUSIONS :

6. It is cbncluded that satisfactory operation, for the purpose of
this test, was obtained, and that the data presented in this report is
representative of the best operation obtained at the conditions of this
test.

RECOMMENDATIONS ¢

7. The investigation of other variables, such as those listed in
Iycoming Engineering Report No. 1056 (paragraph 8), not covered by this
report is in order. A partial list is as followss

a) Improvements in fuel atomirzation by higher fuel nozzle
pressures, nozzle location, spray angle, supplementary
heaters, and/or deflectors.

b) location and type of points of ignition

¢) Size and shape of jet nozzle

d) Size shape and location of the supply air valves

e) Different types of fuel

DESCRIPTION s

8. The multi reed valve combustion chamber uvzed for this test was

assembled as shown in the expleded view of photograph No. E-4495, page 77,

9, The principal parts making up the unit were asgsembled in the

Bt e gy P ———
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following manner, The 18 reed valves, part No. 70760, were suppori-

ed between two concentric cylinders, each of which contained 18 ports.
The valves seated on the ports in the external cylinder, part No. 70761,
and were held in position when off the seats by the imner cylinder,

part No. 70825, and two end spacing rings, part No. 70754, The head

of the chamber was formed by the closed erd of the inner cylinder or
valve stop plate assembly, part No. 70825. The ports were covered on
the outside by a full circular manifold, part No. 70751. To the rear
of the above described portion was bolted a barrel section, part No.
70748, containing locations for 8 spark plugs. The 1.06" convergent
nozzle, part No. 70714, was bolted to the rear end of the barrel assembly .
Inside combustion chamber dimensions were 5" diameter by 22 1/4" length.
The combustion chamber was fully jacketed, including the valve stop

plate cylinder and was liquid cooled. Two more plug locations for

-gpecial long reach type spark plugs, (Chamoion F-5A), were provided for

in the head end of part No. 70825, one on either side of the adjustable
reach fuel nozzle location, which was in the center of the head.

10. The ignition system used during this test was similar to that
described in Lycoming Engineering report No. 1056 for the timed ignit-
ion runs, For this test, however, the interrupter was by-passed and
continuous ignition at the rate of several hundred sparks a second
throughout the cycle was used for the entire test. Four points of
ignition were used in the chamber. Two Champion F-5A special long
reach plugs were used in the head end location, and two modified DI~SC
Champlion plugs were nsed in the two top locations Airectly behind the
manifold. Sae Photo No. E-~4544 , papgs 82 , showing OL-8C plugs

modified wo pive 5/8" axiension lato chamber, Staudard DL-SC plugs

3

-

e et




e

L. SLLIOYTY CO. PITTSSURGH

NO, GORES TRACING PAP.

P

.

137 PAGES. PAGE

FORM €74 1M 4 AL

LYCOMING REPORT NO. 107
DIVISION--THE AVIATION CORPORATION

extend only 3/8" into the chamber.

11, Wwith the exception of the 70802 assembly, the fuel system is
identical with that described in Lycoming Engineering Report No. 1056.

A 60 degree spray Bosch nozzle was used in the 70802 adjustable reach
injector assembly. The end of the nozzle was left fixed at 1 1/4"
extension 1nsid§ the chamber throughout this tes£.

12. Two normally open Fisher, type 4300, auto%atic regulating valves
were used to replace thoge used during the rotary valve unit test. Other-
wise the combustion air system was identical to that described in tfeport
No. 1056.

13. The test stand and instrumentation were those designed for

former tests and, with the following exceptions, are described in Report

‘No. 1056.

a) Thrust cylinder relocation

During this test, while trying to eliminate small errors in
the thrust measuring system, it was thought advisable to

change the location of the thrust cylinder. The large

N subframe, which rode on rollers and carried the parallelo-

gram on which the engine was mounted, was holted solidly
to the floor. The thrust cylinder element was uncoupléd
from the front of the subframe and set up on the apex of
the solid "A" frame with the plunger attached to the top
member of the parallelogram. In this way, the thrust
cylinder took the chamber reaction through orly the top
member of the narallelogram instead of the subframe, shich,

in addition to its own mass, carried the weight of the pumos,

— ——
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motor, and gear box.

Ram air elbow

The former straight vertical ram air hose was removed
and was replaced by the 90 degree elbow to increase flexi-
bility and to eliminate vertical load on the parallelogram
due to ram air pressures,

Pressure~time indicator

An M.I.T. balanced diaphragm type pressure-time indicator

was obtained for a part of this test to give permanent

reccrds of cyclic pressures. The drum of the indicator was

driven through an extension shaft off the rear of the same

motor used to drivs the fuel pumps, The balanced diavhragm
element was installed in one of the rear spark plug locations.

Exhaust gas samples

Gas samples were obtained through a straight total
Pressure tyve probe located 2" behind the Jet nozzle
throat in *he center of the jet. An Orsat gas analyaer
was used to determine the pronortions of CO,, Gy, and CO
in the exhaust gas sample.

Cylinder pressure gauge

An lndicating mean chamber pressure instrument in the form
of a Zourdon tube gauge and orifice arrangement was used

in addition to the 4.1.T. indicator and the {rimount plck-

ups to show relative mean vressures. The nressure tap
for this gaug= was a .063" orifice ia ona of the rear spack

olug locations, diametrically oocouite the v,I[,T. balanced
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diaphragm element. This sampling tarp was connacted
by a’ short run of 5/16" copper tubing to an expansion
chamber of approximately 12 cuhic inches volume. A
1/8" needle valve on the ocutlet of the expansion chamber
was used to further damo out pressure surges to the
‘gauge' which was connected to the expansion chamber by
approximately 25' of 5/16" copper tubing.

Electronic thrust

The electronic thrust meter was removed after some of the
preliminary checks of this test had been made. It was
omitted from the instrumentation for the remainder of the
test and thrust was measured solely by the hydraulic

system.

4
METHOD OF TEST:

14. The reed valve chamber was operated to check the revised ram
air control syatem, reproducibility on firing and non-firing operation,
and thrust stand changes for a large proportion of the time up to 23.5
hours total operation. Some data had been taken at the conditions shown
in the following schedule, »ut all runé made prior to thils tim~ were regeat-
ed,

15. This test was made at the following conditions and in the follow-
ing manner.

CONDITIONS

spark olugs
2 ¥~5A Chamoion long reach nlugs - in head locations

2 DL=-3C Chamolor plus modirfied to hawve A3 reach inta

A e i e # b
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chamber ~ in top locations behind manifold. (See FPhoto
No. B-4544 , page 82.)
Continuous spark ~ battery and Ford spark coils
Fuel spray nozzle - adjustable reach 70802 assembly set at
1 1/4" extension into chamber with an EGN~6382 Bosch nozzle.
Fuel injection pumps - two EJN-7648 Bosch pumps coupled in
5? ‘parallel and synchronized.
' Reed valves - Flat reeds, part No. 70760.
Jet nozzle - Part No. 707L4 (Actual throat diam, 1.060")
OPERATION
A. Reproducibility rurs were made at the following conditions.
15 psi ram air pressure
500 to 900 ipm by 100 ipm increments
At least four fuel flow settings at each ram and speed
Three complete sets of runs were made on successive days.
B. Non-firing airflow and thrust vs ram pressure checks
from 15 to 35 to 15 psi ram pressure in 5 psi increments
. were made on three successive days and at intervals dur-
ing the remainder of the test.
C. Rans were made at 5 psl and 100 ipm intervals starting
at 15 psi and 500 ipm as follows:
1., The range of fuel flow which would give steady
operation at 15 psi ram and 500 imm cyclic speed
wasg determnined, This fuel flow range was then

divided tn get 5 readings.

b e i o Bl N




K. ELLIOYY CO. PITTSEURGN

NO. 840228 YRACING PAFR

FORYW €74 V.% 4 48

137 pPacEs PAGE g

LYCOMING REPORT NO. 10v7
DIVISION--THE AVIATION CORPORATION ,

The speed was then increased in 100 ipm increments
repeating part C (1) above until unsteady firing or a
decrease in thrust was found.
The ram air pressure was increased 5 psi and parts C (1)
and (2) were repeated as above.
Ram pressure was increased in 5 psi increments until
30 pnsi ram was reached, at which point the sched.uled
runs were terminated.
A non-firing run was made at the start of each ram air pressure
change to check airflow and thrust.
A reverse flow reed leak test sas made at the end of each
series of runs or at the end of days runs. Ignition was

also checked at these stops.

16. During the above scheduled operation, the following changes

were made.

(a) Pisher automatic ram air pressure regulating valves
were installed for use after 18 hours of total engine
operation.

Tre stralght wvertical ram air connecting hose was
removed and replaced by a 90 degree elbow with flexible
hoses in each leg.

First the strain gauge thrust link for electronic thrust
measurement was replaced, and then electvonic thrust
measurement attempts were abandoned altogether,

The heavy test stand szubframe was lowered ICrom its

former suspended position and was anchored 30lidly to
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the floor. The hydraulic piston type thrust re- i ‘
action element was moved from the subframe mounting |
and was installed on top of the "A" frame to take |
the thrust reaction of the chamber through the top ‘
member only of the varallelogram. (See drawing No.
70713, page No. 101 of Iycoming Engineering Report

No. 1056).

17. During this preliminary test, the engine was disassembled for
inspection three times. ‘The flrst two inspections were made in spite
of the fact that no trouble was indicated either in operation or leak
tests, These inspections were made after 1 hour 4 minutes and 31 hoérs
44 minutes total chamber operation fespectively. After 40 hours total
operation, however, the reverse flow reed leak test indicated excessive 1
leakage back through the reeds and the unit was again removed for in-
spection.

18, The test schedule was continued and was completed through the 25
psi ram pressure portion of the schedule, at which point it was decided
to termipate running on this schedule.

19. At this point, the effect of ram pressure alone on thrust was
investigated. This was accomplished by plugging the jet nozzle and
applying ram air pressure to the system, while readings of thrust, cylinder
preasure, and ram pressure wth zero airflow were taken.,

20, Checks of a thrust system having a diaphragm type hydraulic

alement, in place of the piston type used throughout this test, were
made .

21, A reproducibility check was made at what had been determined as

the best operating conditions for tie chamber, as found during the earlier




SORRS TRACING PAPL K. BLLIOTT @, PITTSBURGH

No,

137 pPAGES. PAGE 1D

FORM $T4 1M & 43

LYCOMING REPORT NO. 1097
DIVISION--THE AVIATION CORPORATION

ol

part of this test, These runs were made therefore at 900 cpm cyclic

speed and 20 psi ram air pressure.

Along with the reproducitility of

thrust, airflow, and fuel flow operating range, mean chamber pressure

meaauring. methods were checked. Pressures were measured by means of

two Trimount pick-ups, (one 100 psi, and one 300 psi range unit), an
M.I.T. balanced diaphragm type recording indicator, and a Bourdon tubd

gauge, damped so as to read relative mean nressures.

22. Pressure measuring methods were again checked., This time,

however, an air-onerated test fixture was used in place of the chamber

to produce the intermittent cyclic pressure pattern.

23. The chamber was disassembled for inspection and to have photo-

graphs made of the parts at the end of the test, after 67 hours, 40
minutes of total operation.

24+ Throughout the test, the thrust and dynamic vpressure pick-ups

were calibrated each day tefore operating. Thrust and ram air pressure

gauges were calibrated once during this test. Other gauges and meters

used for this teat had been calibrated prior to this test. (See Ly~

coning Engineering Report No. 963).

25. Aviation 73 oc*ane fuel conforming to specification ANF-23 was

used throughout this test.

56. The subject test covered the period from August 20, 1946 to

February 7, 1947. Operating time accumulated during the test was 67

hours, 40 mirutes. This time does not include the periods spent in

non-firing alrflow checks and calibrations,
AEGULTS s

27. The operation of the chamber durlng this test indicated that,
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altfhough firing was considerably steadier over a wider range of conditions

than was experienced with the rotary valve chamber, (See Report No.

1056), cycle to cycle combustion pressures were still very irregular,

This is shown graphically on the pressure-time diagrams, pages 83 through
128 . That the traces were irregular on both the pressure and time

bases wia observed on the oscilloscope trace of the electronic pressure
m;tn.ont. See Photographs on pages 132 %o 135. .

28. The results of the chamber performance portion of this test
ai'e shown on curve sheets Mo. 7412 through 7453, pages 22 through 63 .
The data was plotted in two forms to show variations not only versus
speed, but also versus ram pressure. It will be noted that, while
the curves of constant ram pressure are quite evenly spaced, the curves
of constant spesed, curve sheets No. 7436, 7437 and 7438, pages 46, 47 and 48
show that the higher spseds are grouped at the top of the thrust vs
fuel flow plots, indicating that the unit had an ontimum speed some-
where in the range from 800 to 1200 cpa.

29. Curves No. 7439, 7440 and 7441, pages 49 , 50 and 51 show
tha;, airflow is dependent on, and varies with, fuel flow and cyclic
speed regardless of ram pressure.

30. The non~firing airflow vs ram pressure curve, sheet No. 7449,
page 59 , shows that above two atmospheres ram pressure, the relation
is'substantially a straight line. The non-firing thrust vs airflow
plot, curve sheet No. 7448, page No. 58 , in“icates a similar re-
lation, in that above the airflow obtained at two atmospheres ram
bmssum, the relation is linear.

31. Plots of the reproducibility checks, curve sheets No. 7445,
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7446, and 7447, pages 56 and 57, show maximum variations of thrust
and airflow in the order of 2.1/2 and 2% respectively, which are
measures of some of the best agreement found during this tsst for
data from firing operation.

32, Summary data sheets, pages 66 through 76, contain the data
from all runs selecsed for presentation in this report,

33. Curve sheet No. 7454, page 64, shows a factor for which

correction was not made on the aforementioned plots. This thrust

variation, although numerically small, is an overall correction which
should be applied negatively to all of the above curves in any analysis,
since it is apprecisble in some cases on a percentage basis,

34. The results of instrument checks made at the end of this test

are shown on curve sheets No. 7450, 7451, 7452 and 7453, pages 60, 61,

BLLIOTY C@, PITYOBURGH.

“s

62 and 63, and table No. 1, page 65. These curves show the comparison
of four measurements of the mean chamber pressures taken during the re-

producibility checks at 900 c¢pm and 20 psi ram, The ¥.I.T. indicator

NO, SORES TRACING PAPE:

diagrams were so spread for these firing runs, due to the cyclic pressure
variations, as stated before, that only an approximate value of mean
pressure could be obtained. ‘lowever, the mean pme;sures that were
‘plotted indicated that the M,I.T. mean vressures check those measured

by means of the 100 psi range Trimount pick-up. The four mean pressure
1measuring instruments were checked again, this time on an intermittent
air pressure test fixture made to give a cyclic pressure diagram similar
to that of the chamber firing diagram. Hesults of these checks are shown

in tabular form on page 65. Fine line traces were obtained from the

-

M.I.T. indicator on the air test fixture because of its steady cyclic
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pressure pattern. ( See Photographs pages 129 through 131). The M,I.T.
results were therefore taken as the standard and the results of the
Trimount pick-ups and gauge were compared to it.

35. Only orce duririg the sntire test was the test interrupted by
trouble from component parts of the chamber. The third disassembly
inspection was made to determine the cause of excessive reed valve
lsakage under reverse flow reed leak test. One reed was found to have
taken a permanent set and was arched 3/64" off the seat. At the other
inspections several reeds had been found to be arched away from the
seat, but not to the extent that the low pressure used during the
reverse flow reed leak test would not return them to their seats.

36, The condition of parts at the end of the test is shown in
Photos No. E-4495 through E-4499, pages 77 through 8l. Photo No. E-4498

shows the seat side of the reeds and Photo No. E-4499 shows the opposite

side. When removaed, the reeds had a carbon coating which made identi-

fication by number almost imnossible, and the numbers shown in the
photographs were found to be in error. The following key will properly

identify the reeds by number and position in the two photographs,

First Row §ec ond Row

- 3
10
11
12
13
14
15

16
7
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37. Copies of all ¥.I.T, indicator diagrams on which a corplete
trace of the cycle was obtained are shown on nages 83 through 131 of

this revort. Pages g3 through 128 showing diagrams taken during the

reproducibility checks at 900 ¢om, and 20 psig ram, ¢ learly illustrate

the cyclic irregularities described above. Pages 129 through 131
show the contrasting ateadiness of the traces taken during the air
test fixture runs for comparison of pressure measurements,

38. Photographs of the oscilloscope traces taken during the
reproducibility runs are shown on pages 132 through 135 . These
records, especially Photographs on pages 132 & 133, show the cyclic
pressure and time shifts plainly. Lue to an undetermined source of .
trouble in the camera, other phitogranhic records of this part of
the test were found to have recorded only parts of the cycle. Pages
No.136 and 137 show two photographs taken durirng the air test fixture
checks, Photo (a), page 136, taken at 0.2 sec. exposure time, of a run
made at 507 cpm shows apnroximately 1.7 cycles. Photo (b), page 137
taken at 0.1 sec, exposure time of a run made at 1089 cpm, shows
approximately 1.8 cycles, Dilfferences in the cyclic gteadiness are
easily apparent from a comparison of these two groups of photographs.
DISCUSSIONs

39. The onerating range of the chamber, for the conditions used
for this test, was apparently limited to speeds of from 500 to 1200
cpm, and in ram pressure fror 15 to 25 psig. Above 1200 cpm firing
was uneven and the fuel flow range was quite narrow. At the lean limit
of fuel flow, missing and malfiring made stable readings imnpoasible,

but at the rich end, the condition termed "constant burning®" was en-
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countered., This condition can possibly be better described as *torching".

The change from regular cycling to torching was quite abrupt and airflow

and thrust, as well as mean chamber pressure, dropped immediately as

fuel flow was increased through the limit. Once torching hiad been start-
ed, it was necessary to reduce the fuel flow 10 to 15% below the point
at which torching had started to obtain regular cycling again. After
this condition had been encountered, a reading was taken at the rich enmd
of each curve in the torching condition, not to evaluate the performance
at this condition, but to indicate the rich limit of operatable regular
cycling. Above 25 psi ram pressure’, firing could not be started in the
chamber with operating conditions as used ;“_hr-oughout the rest of the test.
It was found, however, that the spark plugs used in the head end of the
chamber had little or no effect, but that, if plugs were installed in
the‘-two top locations of the rear plug belt in the barrel, the chamber
would start to fire at any ram pressure up to and including 35 psi.

This, howaver, was merely a check point, and no more running with changed
spark plug positions was done during the remainder of the test,

40. Although the oscilloscope trace of the pressure pattern of
this chamber had indicated that cyclic pressure variations existed, the
effect on the thrust and airflow data could not be discerned. It was
ﬁot until diagrams from the M.7,T. indicator were o) tained that the
amount of the pressure and time change fron cycle to cycle was rralized.
With the amount of cyclic wvariation obsarved even during the reproduci-
bility checks at 900 cpm and 20 psi ram it is surprising that the data
ontained showed signs of correlatior at all. During future investiga-

tions the amount and frequency of the irregularities, as shown by these

-
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two instruments, might well be used as a measure of the increase in
quality of combustion, or more aptly, the steadiness of combustion,
41. Since this was not an endurapce test, several reeds were
replaced at each inspection, not because of fallure or malfunctioning,
but to insure having the best operating conditions obtainable, Three

reeds were replaced at tn: first inspection, because they were found to

be slightly kinked across the seating surface. It is entirely possible

that these reeds were kinked when.originally installed, but nc effect
on operation was discernible. Five reeds were neplac;ed at the second
inspection. Three of these showed a t endency to arch away from the
seat, and one showed the trace of a mark across the seat surface, but
no blowby was indicated. The fifth reed was replaced only because it
had an arch toward the seat of such an amount that installation was
made difricult when the unit was assembled. At the same inspection,
fivg reeds were installed in reversed position, {(end for end), because
marks on the reeds indicated that the seat on one edge was quite narrow.
At the third inspection, five reedis were replaced because of minor dis-
tortions. One of them was replaced by a reed of the same number which-
had been removed at a previous inspection. The number 10 reed, which
was the cause of the inspection, was reinstalled in inverted position
(arch to the seat). At the inspection made at the end of the test,
no’ parts were replaced.

42, The test stand was altered several times to eliminate small
sources of error which had not been simmificant wher the X-544 unit
was being tested., The following factors were discovered and eliminated

during the course of the test:
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(a) The Lord rubber bushings in the ton member of the

parallelogram were replaced by brass bushings aid
steel pins in an attempt to ralse the resonant fre-
quency of the stand to eliminate disruption of the
thrust pattern from the electronic thrust system.

The electronic thrust equiment was abandoned because
it was found impractical to alter the stand to get
thrust diagrams which could be accurately averaged to
indicate the mean thrust.

The straight vertical ram air connecting hose from the
ram a¥*r piping to the manifold was removed and a 90
degree ell with both legs flexible was installed. This
change was made to eliminate the vertical load applied
to the stand by the ram air pressure in the straight

4" hose.

The heavy subframe was lowered from its partly suspended
position and was solidly bolted to the floor. The
hydraulic thrust cylinder was then moved to the ton

of the "A" frame. In this way the mass of the subframe,
motor, gear box, injector pumps, and "A" frame was
removed from the active part of the stand as far as the
thrust measurements were concerned. (See drawing No.
70713, page 101 of deport No., 1056). The thrust
cylinder then took the chamber thrust reaction through

the top member only of the parallelogram.

(8) The vertical legs of the parallelogran were found to slant

LYCOMING REPORT NO. 1067
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approximately 3/16" forward of the neutral position at

rest, Static vertical loads were found to have a
small but measurable positive effect on thrust. This
error was corrected by bringing the parallelogram legs
to a vertical position.

At low speeds (500 to 700 ipm) the ram air piping was
found to respond to the cyclic thrust impulses, vibrat-
ing enough to cause thrust meter indications to fluctuate
objectionably. Bracing was installed to stiffen the
lower end of the ram air piping to reduce the vibration.
Although calibrations with and without the ram air hose
connected showed very small errors, a measurable effect
was found when ram alir pressure was app'ied to the ram
alr hose, This effect was measured statically at zero
airflow conditions - Jet nozzle plugged. oince no means
of eliminating this error could be found, a correction
curve was included in this report so that the effect on
the data could be evaluated.

A diaphragm type thrust element was installed in place
of the piston type, and was checked by ststic calibra-
tion and under firing conditions for stability and
reproducibility. While fluctuations under firiny con-
ditions were small and response was rapid, gero shift
and changes urkler static calibration conditions ne;e

nuch greater than with the oiston type.

43+ The electronic mean pressure and thrust meagaring equirment was
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revised several times during this test. Good agreement between this
method and others was never attained on the thrust system, and elect~-
ronic measurement of thrust was finally abandoned, because cha'nugas in
the stand necessary to the good performance of this system were not
practicable. The -pressure measuring part of the system was retained,
and after revisions to eliminate objectionable drift and instability,
finally showed very good correlation during the checks made with the
air test fixture, (see table 1, page 65 ). This was, perhaps, the
only falr dynamic test to which this instrument was subjected. It

is almost to0 much to expect that three instruments, as widely differ-

ent in principles of construction and operation as those used during

* this test, would measure and mean the erratically changing cyclic .

pressures of the firing operation of this chamber within the limits
desired for good reproducibility. After the last revision to the'elect-
ronic equipment, it was quite possible to get relative measures of the
pressure changes caused by changes 4in the operating conditicns from all
three instruments, but to get close agreement amohg the absolute press-
ure values was difficult and time consuming.

44. Considerable difficulty was had with both the balanced diaphragm
contactor and the timing circuit of the M.I.T. indicator. The instrument‘
was found to have been received in a damaged condition, so that it was
necessary to replace the pointer cylinder head nlug before the instru-

ment could be operated. lhe cylinder contactor units, as received,

were not in good operating condition. The clearance between the diaphragm

ad the insulated contact pin was very critical for good ooeration,

While theormtically this seiting ean he made 5o that only 2% of water
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pressure 1is required to move the diaphragm into contact, it was
found, during this test, that 1/2 to 2 1/2 psi was actually required.
During the comparisons made on the air test fixture, it was found that
2.6 esi was required to cause the diaphragm to contact, and a correction
of this amount was apnlied to the values measured by the M.I.T. indicator.
The timing of the spark trace of the indicator is done by an electronic
circuit, which also gave trouble, When the first attempts to use the
indicator were made, the circuit would function on only half of the trace.
The circuit was checked twice and finally partly replaced before complete
traces could be taken consistently.

45. The 70714 Jet nozzle, as delivered to the Aeropulse Laboratory,
was very rough in the nozzle bore. It was found necessary to take a
finishing cut out of the converging section to clean it up. The finish-
ed diameter, when checked just prior to installation, was 1.060" rather
than the 1,00" specified on the 70714 drawing.

46. The EGN-6382 Bosch fuel nozzle, serial No. 2, which was used to

replace the damaged nozzle (serial No. 1) of the same type, had a poor

spray pattern, " This was the only similar nozzle cbtainable, and was
used because of necessity rather than choice, since, although differences
in the data could not be detected, it is possi»le that the faulty spray
may have contributed to the erratic nature of the cyclic pressure diagram.
The same may te said for the metering of the EJN-7648 injection pumps.
Checks made during the rotary valve chamber test and Auring the subject
test, show more variation than was desired in readings taken at verious
speeds with the metaring contml locked.

47. xhaust 723 aralyses mada by maanz o the Nraat anparatns are

not shown imong tne d1ca Af this test, In aditior * tior fact that
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results of the first samples were placed in doubt because of faulty
tschnique in operating the apparatus, the possibility of the inclusion
of unburned charge in the sample actually precludes use of this type

‘of apparatus altogether, There 1is also some doubt as to whether the

method used during this test to obtain gas samples yields a truly rep-

resentative sample of the products of combustion.
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CYCLIC PRESSURE LEZASURING INSTRULENT COuMPARISON ON

AIR TEST FIXTURE

) A1l pregsures psi,

Ho Correction for zeTo dAritft in Trimount pici-uvns
Correc sion for U L, T, nicir-=un diaph»am ianl .12l contact

preas, = 2,6 pai,

Betting] Trimount|Trimount M,I,T, Press,-|{Mean Press, Cyc11c>
@ Roemarks | No, Pick-up {Pick-up [Time ' Indicator Gauge Speed
Ser, YNo,|{8er, Yo, S8ex No, 2 NA-3305~-2
272=N - 271-N -
100 pei,| 50 psi,
HRange Hange
Yean|Peak {Mean|{Peak | Mean { Peak 1 Yean _ C,P X
160 psi, 1 39.3]52,0129,4 51‘.3i 29,71 51,8 26,9 505
Tegt Fix- 2 24,.3|44,0134,6145,7¢ 35,0 47.2 33,1 1105
ure Air 3 33.7144,23133,8{45,5| 34,0/ 48,1 32,6 1105
Bupply 4 27.9|50,8128,8{50,8| 29,0 51,8 26,8 501
Maintdain~ 5 27.2150,3}28,6{51,2} 29,0| 52,2 27.0 502
ed 8 31,7 43.8 32,0 4%,7 33,51 45,6 30,7 1100
Drift 0,1 0,8
Mean Pressure Comparison
100 psi, 50 psi, Gauge Speed
Pick-up Pick-up S :
Diff| FOLEL Diff, [ ADiff, Diff, [7Difg |
1 -0.4 r,3{-0,2 1} 1,0 -2,8 | 9.4 500
4 -1'. 2 4 . 1 "O‘o 2 O‘. 7 "3. 3r 7. 8
5 -1,8 6.2 1-0,4 1.4 -2.0 6,9
2 |=-0,7 2,0 {=0,4 1.1 -1,3 5,4 11100
3 0.3 2.5 |-0,2 | 0,8 ~-1,4 4,1
8 -0.,8y 0,9 }-0,5 1.5 -1.8 5,8 .
Peak Pressure Comparison
1 c.2] 0,4 |-0.6 | 1.2 500
4 1,3 2,5 |-1,C 1,9
5 |-1.9 Q.B -1,C 1.9
3 -3,2] 6,3 |-1.©B 3.2 1100
3 -1.9 .1 |=0,%8 1.3
6 ~-1.8 3,9 {=0.9 2.0 r
Hote:
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\
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Speer| Row | Crewc /57: Fuetr WrFLo lmnl"/m Fé’é}.’é’i" s pear | ET | o
ress) £ on Vs :j ooV V¥l i it
Ho. No. | Seeco frow 7/7/?:/57'%“ a-'#:. heresmigary i) 40 e
(cru)\Psrdate) | atie)| (o) e iz
a5 | s17l 493 {15 | 24,8/21717 | 24,3 34,903 107 )2-8
513 | 493 [15 | 37,7/1640| 25,4 36,550 113
ag | 519|497 {15 | 82,5/1800 ] 26.3 41,504 112
520 | 500 |15 | 75,1{1573| 27,2 41,500 112
521 | 505 |15 | 83,8/1570 37,2 42,800 112
g9 | 534] 595 {15 .| 33,3/1595] 24,3 14,8% 135 12-1¢
536| 595 |15 | 35.4/1600 | 23,8 37,600 69 |
527 s01 115 | 41.2[1573| 24.8 44,054 92
sza| 604 115 | 45.6/1530 | 25.1 45,950 101
539 | 08 {15 | 51,0/1507 | 25,5 144,000 109
540 | 604 |15 | 50.5/1503| 25,7 45,750 111
90 | s41| 807 |15 | 57..4|1407| 25.3 46,350 113
542| 609 |15 | 69.6/1373] 24.5 48,400 113
90 | 543|693 |15 | 34,7{1533| 24.5 45,350 116 L2-14
544 | 702 |15 | 43,2{1507| 25,7 51,400 117
545] 703 |15 | 52,6/1470| 28,2 51,600 117
546| 705 |15 | 55.3/1440 | 25.9 55,000 117
91 | sas{s00 {15 | 34.3|1580 | 27,2 49, 20d 110 10—
549 | 795 (18 | 42.1[1533 | 27,7 53,100 112
550 | 306 |15 | 50.5|1489 | 28.9 1,20 115
| 551 | 302 [15 | 43,9/1490 | 28.8 52,050 120
§ o~ | s53]e04 |15 | 49,2]1542] 27,2 59,250 96
i 553 | 308 |1F | 55,5(1433{ 29,4 59,000 107
| 554 | 3813 |15 | 62,7 (1452 | 20,0 24,550 115
555 | 015 |15 | 73.2|1423 | 20,7 1,800 1723
556 | 793 |15 | 63.01027 | 22.83 55,050 127 |
| .
T!,m_,_“_ﬂ_ —— T ) A
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Sweer| Row | Creanc :ﬂ% f;:’ ﬁ;"_: Jjﬂ;’ Larx
Ao Ho. | Sreso m e % vz | am@fy/,g,) A? F)E“’
L (CrK)
o57 1 208 1 51,450 130
sss | 907 |15 [40.0 {1500| 27.9 54,45¢ 130
559 | 908 |15 |54.5 |1460]| 29.5 64,000 133
560 | 900 |15 |67.7 |1402| 30,3 74,200 135
93 | 581 | 902 |15 |74,0 |1380] 30,4 73,500 137
s5e3 | 911 (15 [85.0 |1335] 31.6 76,600 137
563 | 893 |15 {91,5 [1017| 23.4 74,000 137
93 | s64 | 997 |15 |43.4 |1488] 28.4 61,500 137 h2-
565 | 998 | 15 |51.6 | 1448| 29.8 68,000 137
566 11002 |15 [63.7 [ 1368] 30.4 63,450 137
se7 {1008 |15 |78.5 | 1333] 31.4 63,900 137
563 | 995 |15 |88.5 | 13233] 31.9 63,600 138
563 11000 | 15 [96,0 | 1350! 33,3 70,600 139
94 | 570 | 99315 |99.5 |1008| 24,0 63,500 140
94 | 571 [1111 |15 |53.4 | 1343] 29.2 63,500 132 ha-
572 11100 | 15 [64,4 | 1322 307/ 69,200 133
s73 11102 | 15 |77.3 | 1285] 31 0 78,500 133
574 |1106 | 15 |823.5 | 1263] 31.4 79,750 132
- ' 575 {1113 | 15 |97.6 | 1213| 31.9 81,000 132
576 1098 | 15 103.6 [ 1200| 32,3 84,100 170
577 |1108 | 15 115.0 | 1147| 31,1 76,800 130
95 | 578 {1206 |15 [49.2|1350! 23.4 61,900 130 13-
579 {1211 |15 |83.4 |1250] 30,1 63,800 123
550 11193 | 15 |72.2 | 1335| 30.9 73,500 129
581 |1203 |15 [83,2 (1218 31.2 74,900 123
532 [1212 ] 15 102.4 | 1163] 20.7 77,700 128
583 |12C0 | 15 115.0 | 1156] 20,7 77,900 170
— ; . :
S AIS #}‘3—&2’) Sin JGS ”’“lmi;:]‘g%’?f;_.gw
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Sweer| Row | Creenc “5’,': FusL J/A’onjl Sl %72’)7? /Fess| pear | Iner -
Fress| o~ - BosncanBmonws | 77 | E/EC e Manros
Ho. Ho. | Speeo [FE3S o TRUST (o FA e hrcamry ) Yoo e
- 1o\l o/t) k) lis) e’ & |
60 352 {507 | 20| 24,701970 | 31.3 23,7 D5,450 142 11-
353 | 511 | 20 | 35.4 1940 | 33,0 24.,7 25,100 145 | P
61 | 354 | 504 | 20| 39.5[1960 | 3.6 23.1 15,350 63 11-21
356 | 493 | 20| 34.6(1952 | 32.5 23,9 p1,400 86 '
357 | 500 | 20 [ 49.4|1908 | 33.7 24,8 b4,000 94
359 | 506 | 20 | 49.6]1:90 | 33,7 24.9 26,100 110
361 | 501 | 20| 49.3[1870 | 34.4 25,4 b7,90q 1173
263 | 502 | 20 | 58.8[1840 | 35.1 5.6 27,000 109
63 | 363|501 | 20| 57.4{1835 | 35.1 5.9 Pe, 700 111
264 | 506 | 20| 71.5/|1820 | 35,7 25.,9 P7,150 112
265 | 507 | 20 po3.7[1795 [ 35.9 %6.1 p7,150 114
366 | 510 | 20 013.2(|1713 | 38.5 26,6 p5,950 115
62 | 367 (596 | 20| 36.9[1850 | 33.4 25,6 P5,500 115 11-23
368 | 599 | 20| 45.8/1830 | 34.1 25,6 11,70q 115
370 | 597 .| 20| 42.5(1820 | 34.1 25,1 h~, 500 120
271 | 539 | 20| 43.2({107 | 34.1 5.6 15,900 120
63 | z73{603 | 20| 51,5[1775 | 35.3 26,4 17,40d 122
374 1601 | 20| 51.6]|1793 | 35.2 26.6 17,40d 122
375 | 603 | 20 | 62.9]|1738 | 36.0 26..9 47,400 121
- 376 | 603 | 20 { 90.0]1680 | 35.3 26,9 59,000 120
377 | 604 | 20| 99,1/1563 | %6.5 a7.1 43,700 120
64 | 379l 706 | | 54.5[1700 | 23.3 24.6 51,000 110 11—
280 | 703 | 20| 62.1]1535 | 33,5 95. 4 53,900 120
331|708 | 20| 84,7[1470 | 33.5 25,6 54,504 122
382 | 713 | 20 [103.7|1304 | 21.4 24.1 51,500 125
68 | 407|703 | 20| %6.8[1330 | 33.0 2,7 56,100 95 11-7
408 | 707 | 20 46.3[1795 | 24.0 25,0 59,400 102 f
209 | 720 | 20| 34.0{1760 | 25,0 8,4 57,000 110 }
2410 | 703 | 20| 57,3|1700 | za 0] .3 59,500 1173
I __ I 1 i SR IR SRS B Sy et
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Sneer| Rox | Crenc ',?,': FUEL &nﬁzojﬂ;:i"’fm %7@” g ﬁ /”‘":w LOArE
No | Ao |Sreco yFess) £ ow Y/ m;ﬁ/‘f Jd/xﬁ;’ 4o Zne

I .V 777) 7 Cofte)| (o) % i 17720

ra | 411 1701 |20 |e5,4 |1466) 33,0 24,7 63,800 116 N1-28
212 [700 |20 [55.0 | 1710] 34.6 26,9 59,700 131

42 | 298 |so1 |20 41,7 (1814} 33.2 2,750 136 10-29
aog |80z |20 l49.5 | 1797 34.9 40, 136
43 | 330 [907 |20 |57,9 |1808] 36.7 47,200 138
~ l2m [s09 [20 |e8,0 |1773] 39,0 64,300 138
o3> (813 |20 [78.3 |1737| 39.4 81,100 138
233 (800 | 20 |86.2 [1638] 36,4 82,600 138

43 | 334 |09 |20 |s54,3|1737] 36.1 75,800 138 [168-28
235 |905 |20 [54,9 |1793| 36,1 72,000 100
225 lo1g | 20 [65.2 | 1758| 36.3 77,009 110
az7 loos | 20 [76.1 | 1753] 38,2 88,200 113
44 | 338 |911 | 20 [¢6.3 | 1680| 38.8 88,700 117
239 |914 | 20 [87.0 | 1676| 3.1 92,100 120
240 |o00 | 20 |97.3 | 1672| 31.6 90,6800 121
241 |900 |20 {97.3|1628] 38.8 88,700 123
242 |917 | 20 130.0 [ 1230| 0.3 96, 300 122

45 | 246 |995 | 20 [s6.7 | 1717] 37,0 77,800 141 10-2
247 |ggg | 20 [74.0 | 1879 38,0 85,500 143
249 100 | 20 |85.5 | 1613| 39.8 92,000 148
250 1900 20 |74.9 |1638] 37.7 92,609 149

46 | 251 1807 | 20 |93.1 [ 1568 «40,1 83,500 151 |

053 1010 | 20 |99.1 | 1545| 41.0 95,000 151 }

053 1015 | 20 108.0 | 1513| 41,4 93, 700 150 1

o56 |ogs | 20 112:0 | 1488| 40.0] 90,750 155 I

{

26| 757 dass | 20 |65.6 | 1575| 37..3 54,100 153 ho-4

[ ass {114 | 20 82,5 | 1518] 39.4 50,200 15
S S S— NS PR — S NS — - s ot
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Meaw Cransew /ess| gear | ner

Sweer) Ron Chxx:Aa: Fuet. WrrFrowWh (PS/.G) Larx
' Gouanoon [oacuer | 7.7 Y E/EC Tl Maw
Ao. Ao. | Seeeo frow Qaswved TRRUST (g (R AN i) [0 T
(con)rdlleats) ope) o) uana & .
47 12359 11095 {20 i86.2 {1531 41.4 24,000 152 10-%
260 1095 |20 (91,4 |1511] 40,3 37,10¢ 152
261 |1093 |20 100,.8 {1420 | 40,4 97,100 152
263 1102 |20 107.0 |1486] 40,8 97,500 152
47 | 263 11232 |20 337,7 11313 32,7 86,100 152 N10-%
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Swerr| Row | Creexc ﬁ’,‘: Fuer WwrFLo mul”m Ff’“ MESP /e :’ tier }oars
Ao. Ho. | Seeeo Pess| Frow (asewy M% Jz/f ng
L s daabn o] goy [ Gt S|
18 | 98| s00[ 25 [ 31.2[2370 [37.8 ~ [=8,70b 185 [g8
99 | 497 25 | 37..2 |2233 | 28,0 51,50p 173
. | 100 | a97| 25 |47.7 2140 [38.5 53, 80D 175
101 | 498| 25 | 62,5 (2060 | 39.8 56,00p 177
34 | 505 | 503 | 35 | 43,3 2220 | 38,1 38,550 90|13
507 | s01] 25 ]49.1220 |88 46,30p 105]
508 | 505| 25 | 55.8 |2220 | 39.4 49,45p 113
502 | 513| 35 |65,3{7160 |40,0 54,000 123
510 | 497 25 | 85.5 (2140 | 308 49,00P0 128
85 | 511 | 499| 35| 75.3(7125 | 39.4 : 48,20p 177
512 | 500| 25 | 75,1 21235 [ 39,4 45,800 128
517 | 492! 35| 43.8|2185 | 37,7 48,000 125
514 | 432| 25| 52.02140 | 38.6 46,60D 127| -
515 | 494 65.6 |7115 | 39,4 47,950 131
47 | 26| s92] 25| 37.6 (2205 [ 40.6 44,400 129]10-
267 | 588| 25 | 36.3[2247 | 40.8 50,100 133
43 | 268 | 599! 25| 37.2(22%0 | 41.4 - 50,150 1.39
289 | e00| 25| ®.4|2213 | a1.6 55,300 143
270 | 601] 25 ] 46,3]3185 | 47, 56,100 145
271 | e02| 25{52.4(2123 | 43.8 56,600 149 ‘
372 ] eoa| 35| 63.23{2120 | 14.1 | 53,2580 149| - |
2731 609 35| 72.4|206e3 | 44,4 682,090 152 |
a74 | 810| 25| 80.4(2019 | 44.9 82,080 155 |
< i
43 | wa | 00| 25| 41,0742 400 24,500 157 |10-%
977 { 703| 25| 43.0(2020 | 41.4 85,700 150 (
278 | 710| 25| @0.5(2025 | 42, 34,700 158] |
278 | 713| 25 67.4(1940 [ 41,0 |se,zd0 153] |
230 | 708] 25 74.5(1332 (41,3 [ 28,400 131] |
i |7 3"! 76.7(1355 | 42.3] ]s» v&é 153
SUUUTY. S . j | 1 ' b
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Snezr| Row | Creve
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Y No. | Mo | Seeeo fAess ,

[ 49 | 382 | 711 |-

308 | 813
209 | s1e
55 [ 310 | 808
311 | 809
312 | 809 | 35 95,3 | 2158| 48,1 99,200 145
55 | 313 | 900 | 25 57,3 | 2200 44.0 78,700 144 Bl
314 | 902 | 35 |69.5 | 23245 45.6 89,400 142
315 | 903 | 25 |77.1 | 2220] 48,7 95,200 144
316 | 907 | 25 [84.2 | 2203| 47.7 - 701,000 145
317 | 907 | 25 [36.5 | 2175 48.0 301,000 145
318 | 908 | 25 |37.5 | 3140 47.3 108,000 146
68 | 414 [1000 | 25 [39.9 |1922] 45,0 75,550 134 ”
89 | 415 |1004 | 25 |73.5 | 1952] 47.3 00,200 130
416 |1008 | 25 [73.5 |1892| 48.4 101,80¢ 120
417 [1010 |35 [87.2 |1487| 49,3 405,200 1720
418 [1012 [25 [94.1 [1888] 50.1 117,400 125
419 ,[1020 |25 §07.3 1820 51,0 114,404 125
420 102 |25 105.7 |1812( 50.4 111,804 137
421 |1003 |25 107.5 [1317] s0.8 1is,200 131
70. [424 [1106 {25 [32.5 [1755] 46.1 7,500 125 §7 .24
475 11101 |25 300,29 [1792] 48,1 111,201 179
437 11100 |25 131,1 {17683 43.3 111,700 12
433 [1103 [ 25 113.8 |1398 | 43,3 115,000 120
179 (1100 |26 J09.3 |i748 | 43,4 | 117,720d 193
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Syeer| Row C-‘mlz,;{ Fure rf/ﬁ'fZ:j/
No. No. | Sreer YOS Fioy Dacsmernt Vious7 T,
g32a | = 8]
633 | 8961 20
g24 | 900 | 20 | es.0] 1690] 34,9 24.7| 2.8l 28,676,300 o4
635 | 906 | 20 | 77.0 1658| 35,8 26.4| 29.2 20,079,200 100
835 | 207 | 20 | 89.4 1632| 37.0] 26.,4| 70.4] 30,9|83,500 105
637 | 914 | 20 1102.9 1604| 37.9 27.2] 31.7| 31,283,100 107
. g38 | 907 | 0 {115, 8 1560| 37.4{ 27.3| 31.6| 31,4(80,700 108
10 640 | 8901 20 | 45,6 1683| 32,0/ 23,3| 25,3 26,065,800 67
641 | 900 | 20 | 46,7 1722| 33.C{ 24.0| 27.7| 26.6|75,100 112
642 | 903|207 e8.5 1680 35,0{ 24.5| 27.8 28,8|76,700 115
64z | 907 | 20 | 76,6 1662| 35,8 25.4| 25,3 29.9183,900 117
644 | 209120 | 85 .d 1633 36 4 26,.3| 27,7 30.0[32,10¢ 117
845 | 200 | 20 | 96,4 1603| 37,00 28,.9| 27.8 %0..6{86,500 119
112|653 | s96| 20 | 48.5 1798| 32,4 34,0| 28 8 27,2|55,400 91 (3.1
652 | 901l 20 | 60,0 1754 24,4 25,0| 20.8 27,3176,400 87
| 654 | go2! 20 | ee. 2 1722 35,9 25.3| 32,2 28,7|32,00D 100
655 | s92| 20 | 75.0 1702] 36.00 28..0| 33,0 23.8[81,300 103
656 | 893! 20 | 86,4 1688| 27.4 28.3| 34,5 30,.5|36,000 107
g57 | gogl 0 | 98,3 1637| 27.d 28,1| 35,9 31.1{91,400 108
53 | 901 | 20 |104.4 1600| 38,0 27..7| 26.5 31.0{91,70p 108
41 580 | 897! a0 | 50.0 1720| 33.7 23,4 27.4 27.6!52,50p 83|1-
61 | 297| 20 | 81.4 1690| 34.4 24.0] 29,4 28.1|70,20p g8
662 | 206 | 20 | 74.7 1860| 36,0 24,.9| 0.1 29,4]0,40D 1132
663 | 807120 | 78,4 1645 36,3 25,3 31,9 29,0133,50D 123
| ga4 | 02| 20 | 90.d 1835 37.0 25,8 3.4 . 173,000 1m
15| @65 | 95| 20 | 78.d 1s84| 6.4 24.9] 29.4 28.8123,0c0 99
gas | w0z| 20 | 93,4 1855 37,9 25,2 31,6 20.51734,800 103
237 | asel| 20 |1c0.4 1810] 37.d 25.7| 37.0] 31:0139,50b 107
115) #89 | 904 20 | 28,3 1745] 33.9 22 71 25 3 24 4(59.100 30 i1
370 | 303{ 20| 81,9 17109 35.d 24,7 27 ¢l 25,3170,300 93
A | 30a) 201 77,7 1831 23 9 35 23 £\ 37 7177 500 gl
ISR SRS (U S I i C ) Y : 8
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Snaer| Row | Crewnc f,': FueL Wwre M c‘“}’e‘;j”‘ isian Vel Lol P
Ao. Ho. | Seeeo (Pess| FLow ﬂ'zﬂ . JZZ; s ZEaae
e (LR L ahtr), : 1 ¢
1161672 | ng7 1 20 | 82,8 1658 37.8 26,.3130.9 123,957,000 102 1=
e73 | 900 | 20 | 92,5/ 1658] 3a,3 27..2{31,9 | 20.0]|80,700 104
674 | 500 | 20 1100,4 1632] 28,6 27.,4]323,2 | 29,191,500 104
875 | 903 | 20 {109,7 1615| 39,0 27,8]32,5 | 29,621,800 105
1181 678 | 897 1 2 | 46,8 1753 33,0| 23,4125,3 | 24,215,500 @0 13
679 | 905120 | 53,0 1710} 35,3 24.8(29,9 | 26,874,400 76
g80_| 895120 | 73.0{1680| 36,7 25.8(32,1 | 27,433,200 84
a1 | go0 {20 | 81,7 1670| 37,5 26,2(32.4 {23,4192,200 90
g632 | 207 | 20 | 98,4 1655| 38.9 37,5(33,3 | 29,5100,000 92
gas | g93) 20 | 50,4 1777} 32,4 24.4126,9 | 26.5(63,400 53|1-2
gan | 890 | 20 | 1,4 1718| 23,8 24.8{28,8 |28,2(79,200 73
a3 | 204 0 | 73.4 1632 35,0 25.9]30.5 | 27.6[78,70b 83
gag | 903l 20 | 83,d 1680| 35.d 26.5(31.3 | 23,2|78,1%0 94
839 | go02| 20| 80,5 1686| 35,0 23,7(30,9 | 23,1|24,90D 78
17l eg0 | 910| 20 | 92,0 1637| 36,4 27.6[32.9 | 29.2|91,080 a2
891 | 835| 20 {104, 1613 35,09 27.5|32.9 |.29.1191,20p 100
N S el 1234
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Syaer| Row MeAT | WLET | oy
' A seT DA
e ¥ il (‘g‘e
73 | 437 42 Iz
438 53
439 - 69
440 88
441 90
442 98
§ 413 103
g 444 104
i 445 51
i sas 2 |
a 447 87
' 448 19,7 2350| 237..5 73’
' g 24,86 .3815| 33,5 80
H 450 30., 55 3261] 41.5 82
i 451 35.7] 3580( 47..5 91
i 75 | 452 35,76 3563| 47..7 107
453 30., 2 3180| 41,6 110
454 24,407 b 2839| 33,5 111
455 20,1 2380 23.8 110
458 13,6 - 2003] 21,0 110
457 6. 1295| 16,7 108
458 | ° 0..0 0000| 0.8 —_—
. 76 | 459 | 6.7 1498 9.7 45 12-3
. 480 10..9} 1883] 15,0 69 '
461 15. 4 2238] 21,,0 84
483 21.4 2645| 28,4 93
483 25,8} 3003 34.3 29
77 | 464 5., 3 1237] 8.5 55 12
465 107 1318| 14.6 53
168 13,5 2193 28,3 73 i
487 31 7] 2580| 28, 2 | 30
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Snaer| Rowx ”Wf””é” Gisas "“'" /”‘5;9‘ o
y 723 e e |
Ao Ao. ‘ ?‘“‘"“" . Vi o |
- 7 e B ooy 2|
77 | 468 ~ 97 12-48
489 31, 4 3380 | 41.2 hos
470 35,8 3565 | 46.5 o8
- 78 | 471 0. § 3178 | 41.0 118
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Multl Reed Valve Initial Test
Run No. 678 .
Trimount Pick-up No. 272-N
100 psi range
Cyclic Speed 900 cpm
Ram Air Press. 20 psi
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Multi Reed Valve Initial Test

Run No. 679
Trimount Pick~up No. 272~N
100 psi range
| Cyclic Speed 900 cpm
%@ ’ Ram Air Press. 20 psi
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Multi Reed Valve Initial Test
Run No. 680

Trimount Pick-up No. 272~N

!

100 psi range
Cyclic Speed

900 cpm
Ram Air Press. 20 psi
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Multi Reed Valve Initial Test
Run No. 681
Trimount Pick-up No. 272-N

' 100 psi range
Cyclic Speed 900 cpm
Ram Air Press. 20 psi
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Photo (a)
fulti Reed Valve Initial Test
Cyclic Speed 507
Trimount Dynamic Pressure Pick-up
NO. 272"'"
100 psi range
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Photo (b)
Multi Reed Valve Initial Test
Cyclic Speed 1089
Trimount Dynamic Pressure Pick-up
NO. 27 2"'N
100 psi range




